ABSTRACT The epidemiology of human and animal trypanosomiasis is determined to a large extent by the number of infected tsetse ßies in a speciÞc area. In the Þeld, a substantial proportion of infected ßies carry mixed trypanosome infections. The way in which these tsetse ßies acquire a mixed infection is not fully understood. In particular, the susceptibility of tsetse ßies to sequential infection with trypanosomes is not well understood. Accordingly, laboratory studies were made of the effects of age and prior infection on the probability of Glossina morsitans morsitans (Westwood) developing an infection of Trypanosoma congolense and Trypanosoma brucei brucei after feeding on infected mice. Results of these experiments clearly showed that 20 Ð30-d-old G. m. morsitans can still pick up and develop a mature infection in the mouthparts/hypopharynx for T. congolense or in the salivary glands for T. b. brucei. However, their ability to acquire infection was signiÞcantly lower compared with teneral ßies. Furthermore, 20 Ð30-d-old ßies that already carry a mature T. congolense or T. b. brucei infection remained at least as susceptible to a secondary trypanosome infection compared with noninfected ßies of the same age. The immunological and epidemiological repercussions of those Þndings are discussed.
TSETSE-TRANSMITTED TRYPANOSOMIASIS is a serious constraint to human and animal health in large parts of sub-Saharan Africa. Tsetse ßies, the main vector of the trypanosomes, occur on Ϸ10 million km 2 of the African continent. The epidemiology of the disease in humans and livestock is determined by various factors, including the proportion of infected tsetse ßies. The tsetseÕs susceptibility to an infection with cyclically transmitted trypanosomes is determined by a range of intrinsic and extrinsic factors (Maudlin 1991) . Tsetse ßies are usually more susceptible to infections with Trypanosoma congolense, a trypanosome species that has a shorter development cycle compared with Trypanosoma brucei s.l. Using highly sensitive and species-speciÞc molecular diagnostic tools, several researchers have shown that in the Þeld a substantial proportion of the infected tsetse ßies carry mixed trypanosome infections (Majiwa and Otieno 1990 , McNamara et al. 1995 , Masiga et al. 1996 , Woolhouse et al. 1996 , Morlais et al. 1998 , Lehane et al. 2000 , Jamonneau et al. 2004 . Such mixed infections can be contracted simultaneously from a single animal supporting a mixed trypanosome infection (Van den Bossche et al. 2004) or could be the result of sequential infections over a number of feeds on different infected animals. Moloo et al. (1982) and Gibson and Ferris (1992) have shown that teneral tsetse ßies can become infected with different trypanosome species during consecutive bloodmeals. The question remains how the presence of an established midgut or mature trypanosome infection in older ßies effects the development of a new, secondary trypanosome infection. Experiments were conducted to determine the competence of older, trypanosome-infected tsetse ßies to acquire such a secondary infection.
Materials and Methods
Trypanosomes. A T. b. brucei strain derived from the stock EATRO 1125 AntAR1 (Le Ray et al. 1977) and T. congolense IL1180, a strain originating from the Serengeti region in Tanzania (Geigy and Kauffman 1973) , were used in the experiments.
Tsetse Flies. Male Glossina morsitans morsitans (Westwood) from the colony maintained at the Institute of Tropical Medicine (Antwerp, Belgium) were used. The origin of the colony and rearing techniques are described by Elsen et al. (1993) .
Experimental Design. Six groups of ßies were infected once or twice by feeding on infected mice. Flies were then dissected to determine their infection status according to the schedule presented in Table 1 . After offering an infected meal, only fully engorged ßies were retained. Infected ßies were maintained on rabbits and offered the opportunity to feed three times weekly. The rabbits were replaced weekly to avoid cyclic transmission of the trypanosomes.
Before dissection, ßies were starved for 48 h. The labrum, hypopharynx, salivary glands, and the midgut were examined for the presence of trypanosomes. Trypanosome species identiÞcation was conducted using the method described by Lloyd and Johnson (1924) . Flies of which only the midgut was infected were considered to have an immature infection. Flies with infections in the midgut or salivary glands were considered to have a mature infection. The mature infection rate was calculated as the proportion of dissected ßies that developed a mature trypanosome infection. Differences in infection rates were compared using the Fisher exact test.
Results
In total, 763 ßies, divided over the six experimental groups, were dissected. The infection results are shown in Table 2 congolense infected ßies out of a total of 141 infected ßies) in ßies that were offered an infective bloodmeal only at the age of 30 d (group Tc 30 ). The observed differences in infection rates were again not statistically signiÞcant (P ϭ 0.09).
Discussion
The results from our experiments show that an infective bloodmeal ingested by trypanosome-infected tsetse ßies can result in the establishment of a mixed mature trypanosome infection. However, the tsetseÕs susceptibility to pick up a trypanosome infection decreases substantially with age. Indeed, the T. b. brucei or T. congolense infection rates of ßies that are offered an infective bloodmeal at 20 or 30 d of age are significantly lower than the infection rates of ßies that ingested the parasites at teneral stage, just after emergence. This conÞrms previous reports (Wijers 1958, Distelmans et al. 1982 , Mwangelwa et al. 1987 , Welburn and Maudlin 1992 , and more research is required to determine the molecular background of agespeciÞc changes in the tsetseÕs susceptibility to trypanosome infections. Despite this, a substantial proportion of the population of adult tsetse ßies can still acquire an infection, even when the ßy is already carrying a trypanosome infection. This implies that, in the Þeld, the proportion of infected ßies will increase with increasing age as was already observed by various researchers (e.g., Woolhouse and Hargrove 1998) . Based upon our infection data, two important conclusions can be drawn with regard to the development of sequential trypanosome infections in tsetse. Firstly, a secondary infection with a different trypanosome species has no effect on an already established mature infection. Second, previous exposure to an infected bloodmeal or the presence of a mature or immature trypanosome infection has no effect on the development and maturation rate of the subsequent secondary infection. Hence, there seems to be little interaction between the two trypanosome species during their development in the midgut and subsequent migration from the midgut to either the mouthparts or the salivary glands does not seem to be hindered by the presence of a mature infection. Moreover, our data seem to suggest that already infected ßies are as susceptible to develop a secondary trypanosome infection compared with noninfected ßies of the same age.
Considering the small sample size in our experiment, new experiments with a larger sample size may be required to conÞrm this observation. The underlying molecular factors that modulate the susceptibility of a tsetse ßy for a trypanosome infection are still under debate. Among these factors, components of the insect immune system are assumed to be involved in the natural refractoriness observed in the tsetse ßy. Prior studies have clearly demonstrated an induced expression and synthesis of several antimicrobial peptides when teneral ßies are offered a trypanosome-infected bloodmeal (Hao et al. 2001 , Boulanger et al. 2002 . Moreover, it was shown that 20-d-old midgut-infected ßies have elevated expression levels of two important immune peptides, attacin and defensin, compared with noninfected ßies that had cleared the trypanosomes. This demonstrated that these immune peptides did not affect an already established midgut trypanosome population. Based upon our results, we can hypothesize that this elevated level of defense peptides in midgut-infected ßies also does not interfere with the establishment of a new, secondary infection in the midgut of a 20-or 30-d-old ßy when these ßies ingest a new, infective bloodmeal. This would mean that the efÞcacy of the immune system to interfere with a secondary establishment of trypanosomes in the tsetse midgut is signiÞcantly decreased when a fully grown procyclic trypanosome population is already present in ßyÕs midgut, although it was shown in previous studies that these ßies are fully immunocompetent (Hao et al. 2001) . Notwithstanding the observed vector competence of nonteneral and infected tsetse ßies, the prevalence of trypanosome infections in a natural tsetse population is usually low. The low infection rates in adult ßies in our experiments conÞrm that a majority of tsetse ßies will not develop a mature infection with neither T. b. brucei nor with T. congolense, even when the infected bloodmeal was offered to teneral ßies. This indicates that a high proportion of the tsetse population is refractory to a trypanosome infection. This heterogeneity in the susceptibility to trypanosome infections in tsetse and the apparent absence of competition between trypanosome species infecting a ßy may result in the aggregation of infections in the susceptible part of the tsetse population and the large proportion of mixed infections observed in the Þeld (e.g., Majiwa and Otieno 1990 , McNamara et al. 1995 , Masiga et al. 1996 , Woolhouse et al. 1996 , Morlais et al. 1998 , Lehane et al. 2000 , Jamonneau et al. 2004 ).
